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L o o k i n g  w e s t
Top of deepened trench exposure approximately two meters below the surface.
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PALEOSEISMOLOGIC EVIDENCE FOR HOLOCENE
ACTIVITY ON THE PINTO MOUNTAIN FAULT 
TWENTYNINE PALMS, CALIFORNIA
Major Lithology Types 1a
East Wall Photomosaic 1b
Northern Fault Zone Cutback Exposure 1c
 Southern to Central Fault Zone, Deepened West Wall Exposure 1d
The plate figures intended to accompany the master’s thesis manuscript: 
Paleoseismic evidence for Holocene activity on the Pinto Mountain fault, 
Twentynine Palms, California. 
By Ana Marisa Cadena, February 2013
Plate 1b.  Logged photomosaic of the eastern trench wall exposure. Solid contacts represent clear stratigraphic boundar-
ies, dashed where inferred. Stratigraphic relations field mapped on velum over a photo print collage later transferred to 
a digital photomosaic in Adobe Illustrator. Faults (red and orange) and sheared surfaces (black and yellow), bioturbation 
(k), and cultural features (earthen dam, utility trench), interpreted from stratigraphic observations.. 
Plate 1d.  Photographs of the deepened trench exposure captured from a 1.75 meter deep bench cut into the primary trench wall exposure, view to the west. Upper bench and trench 
floor scales differ due to the above perspective. Vertical scale indicated along trench shores. The dominantly sub-vertical fabric mapped in the deepened exposure suggests that the 
grain-to-grain framework in water saturated sediments yielded during ground shaking. Other features typical of rapid dewatering observed in the deepened and primary trench 
exposures include: sediment size segregation, normal grading within the units affected, and fluidized sand injection features across a five to six and a half meter zone. Crosscutting 
relationships suggest multiple dewatering events, and a preferred path of escape is termed a fluidization channel. Paleoseismic data collected in this investigation supports multiple 
ground rupturing earthquakes at this site, while historic and paleoseismic data show that springs existed at this site for at least 13.0-13.8 ka B.P.. Given the considerable body of 
evidence, I applied the appropriate terminology for water escape features associated with sediment that underwent liquefaction and/or fluidization as defined by Lowe in 1975. 
Plate 1c.  East wall exposure cutback in the northern fault zone from meter 43 
through meter 36, looking southeast (northernmost 13 meters of trench trends 
N20E). Relatively fine-grained facies of correlative units to the original 
exposure show strong evidence for two separate event horizons X and W. 
Rupture along Faults F-2a and F-3b during Event X, juxtaposes units 140k, 140r, 
140t, and 140v against 140a through 140i. Rupture along Fault F-3b during 
Event W tilts a block on end and offsets Unit 20 sandstone. Optically stimulated 
luminescence dates, extrapolated from the main trench wall exposure, constrain 
the timing of events Z, X, and W.
Unit Designations.  Unit designations are assigned in 
ascending stratigraphic order. They include a number 
to indicate the major unit designation, followed by a 
letter to distinguish between sub-units and to indicate 
marker beds. I interpreted units characterized by 
sub-vertical fabric, which also lack primary bedding 
features, to be water-escape features. Water escape 
features, or units that underwent liquefaction or 
fluidization, are referred to as LIQ, followed by a 
number to indicate the relative age of emplacement 
and/or the timing of liquefaction, such that LIQ4 is 
relatively younger than LIQ3. Some units LIQ may 
have undergone multiple liquefaction events; their 
number designation reflects the most recent episode 
of deformation
Fault Zones and Event Horizons.  Three discrete 
deformational zones span 32 meters of the trench 
exposure. These zones are referred to as the south-
ern, central and northern fault zones (Plate 1a, 1b). 
The event horizons correspond to the ground 
surface at the time an earthquake event occurred. 
Each is referred to as an Event Horizon G, K, M, T, 
W, X, or Z, from oldest to youngest.
Photomosaic method.  Photo documentation of 
each rectangle captured using a four-legged, 
double-ended frame to keep the 20 mm camera 
lens face equidistant from the trench wall. Each 
meter by half meter high, rectangular section was 
rectified and clipped in Adobe Photoshop, then 
placed onto a proportional digital grid to create a 
1:8 scale photomosaic.
